Traumatic brain injury (TBI) negatively impacts long-term survival. However, little is known about the likelihood of death within the first year following hospital discharge. This study examined mortality among a representative sample of 3679 persons within 1 year of being discharged from any of 62 acute care hospitals in South Carolina following TBI and identified the factors associated with early death using a multivariable Cox proportional hazards model. The mortality experience of the cohort was also compared with that of the general population by using standardized mortality ratios for selected causes of death by age, adjusted for race and sex.
brain injuries (TBIs) are associated with one third of all injury-related deaths 2 -because of the brain being the most common anatomic site involved in death from trauma. [3] [4] [5] Of the 230,000 persons hospitalized with a TBI each year, 5.6% will die during their hospital stay. 6 Less well known, however, is the impact of TBI on life expectancy among those who survive the acute injury.
Follow-up studies suggest that persons who experience a TBI have shortened life expectancies. [7] [8] [9] [10] [11] [12] [13] [14] [15] In one study, in which approximately 1200 World War I veterans were followed for up to 50 years postinjury, researchers concluded that veterans who had sustained a head injury had a 4-year shorter life expectancy, on average, than the unwounded veterans. 13 However, a study of a cohort of 1127 Vietnam veterans with brain injury revealed that although excess mortality occurred during the first 3 years postinjury, veterans who survived longer had a life expectancy similar to that of the general population. 10 More recently, researchers followed 2320 Californians who received state medical services for long-term, TBI-associated disability and documented a 3-fold excess mortality risk in the study cohort up to 10 years postinjury compared with the general population. 7 Although most studies have found that TBI negatively impacts long-term survival, the studies have examined only specific study populations and not a representative sample of persons with TBI. Furthermore, almost all of the past studies have focused on long-term mortality (ie, ≥1 year postinjury) as opposed to early mortality (ie, deaths that occur during the first year postinjury). The purpose of this report is to document mortality within 15 months of hospital discharge for a representative sample of 3679 persons who were treated for TBI at acute care hospitals in South Carolina and to identify factors associated with early death.
METHODS
Data for this study were collected as part of the South Carolina Traumatic Brain Injury Follow-Up Registry (SCTBIFR). The SCTBIFR is a population-based cohort study designed to document the short-and mid-term health consequences of persons hospitalized with a TBI.
Study population and setting
South Carolina residents aged 15 years or older who sustained a TBI and were discharged from any of the 62 acute care, nonfederal hospitals in the state from January 1, 1999, through December 31, 2001, were eligible for the study (Fig 1) . Using the South Carolina hospital discharge data as the sampling frame, 6583 TBI-related hospitalizations were identified using the Center for Disease Control and Prevention's (CDC) case definitions and sampling guidance. 16, 17 A 2-stage stratified random sampling procedure was used to select cases based on hospital size and TBI severity. To achieve a final sample of approximately 1300 persons per year, 75% of cases were first randomly selected based on hospital size. Among those initially selected, 67% of those with a severe TBI (AIS [Abbreviated Injury Scale] ≥ 3) and 33% with a mild TBI were then randomly selected, resulting in a final sample of 3950 TBI cases over the 3-year study period. The SCTBIFR excluded 271 cases who were either (1) non-English speaking (n = 21), (2) nonresidents of South Carolina (n = 113), (3) prisoners (n = 77), or (4) medically unable to complete the followup interview (n = 60).
Data sources
Medical record, hospital discharge, and death-certificate data were used. The medical records of all patients selected for participation were reviewed by accredited health information specialists prior to the first interview to confirm the TBI diagnosis and to abstract contact information for follow-up.
The statewide hospital discharge data provided all demographic information and up to 10 International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) discharge diagnosis codes. 18 To rate the severity of all injuries sustained, the ICDMAP-90 software was used to convert hospital discharge ICD-9-CM diagnosis codes into AIS scores. 19 The AIS, one of the most widely used anatomic measures of injury severity, 20, 21 is used to classify each injury according to the type of injury and to assign a severity rating ranging from 1 (minor) to 6 (unsurvivable) according to its associated threat to life. 22 For this study, the severity of the TBI was determined by the maximum ICD/AIS score of the head region; TBI was classified as either mild (head AIS = 2), moderate (head AIS = 3), or severe (head AIS ≥4). A major associated injury was defined as an injury to an AIS body region other than the head (eg, chest, abdomen, and extremities) with a maximum ICD/AIS severity rating of ≥2. ICD-9-CM diagnosis codes were also used to identify the presence of comorbid conditions using a comorbidity scale developed for administrative data. 23 Finally, multiple cause-of-death data (MCDD) were obtained from 
Procedures
This study was reviewed and approved by the Institutional Review Boards (IRBs) of both the Medical University of South Carolina and the CDC. Approximately 1 year (±3 months) after discharge from a TBI-related hospitalization, project personnel attempted to contact all patients to conduct a telephone interview. When information was obtained indicating that a patient had not survived (eg, a family member told the study personnel about the death or the US Postal Service returned the study letter because the person had died), study personnel confirmed the death through the Social Security Death Index (SSDI).
A list of patients confirmed to be dead through the SSDI (as well as those not able to be located) was submitted to the Division of Vital Records at SCDHEC. This list was linked to the MCDD database using the deceased patient's social security number, date of birth, and first 4 letters of the last name. For those patients with an unknown social security number (n = 18), the date of birth and the first 4 letters of the last name and address were used. Of patients confirmed dead by the SSDI, 93% were linked to the MCDD database. The deaths of 5 additional patients who had previously not been located by study personnel were discovered when the MCDD database was merged with the study list. Therefore, death certificate information was obtained for 94% of all known deaths that occurred among study patients within 15 months of hospital discharge.
Deaths were classified as either TBI-related (ie, underlying cause of death was an external cause of injury [E code] and a TBI diagnosis was listed as a contributing cause), other injury-related (ie, E code was underlying cause of death but TBI diagnosis was not listed as a contributing cause), or noninjury-related (ie, underlying cause of death was not an E code) using CDC definitions.
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Analysis
Patient and injury characteristics between the decedents and survivors were compared using a chi-square test statistic. The relationship between death and different risk factors was examined as a function of time using survival analysis techniques. The dependent variable (survival time) was defined as time (days) between hospital discharge and death. Those who were alive at the 15th month were treated as censored observations. Variables evaluated as risk factors included age, sex, race, comorbid conditions, type of insurance, location of residence, TBI severity, the presence of a major associated injury(s), and trauma center level of the hospital that provided inpatient care (Table 1) . Kaplan-Meier estimates of the cumulative proportion of deaths were computed for each risk factor. A log-rank test was used to test the homogeneity of survival curves across TBI severity categories. Possible interaction effects were evaluated using Breslow-Day test of homogeneity and Wald chi-square test statistics. 26 Test statistics with P values of <.05 were considered significant.
To estimate the combined effect of multiple risk factors on deaths that occurred within 15 months of hospital discharge, a Cox proportional hazards regression model was used. This model assumes that the hazard ratio when comparing any 2 specifications of predictors is constant over time. 27 The proportional hazard assumption was tested with the goodness-of-fit chi-square test, which compares the observed and expected survival probabilities, and by graphical means using the log-log Kaplan-Meier curves. 27 Confidence intervals (95% CIs) for the hazard ratios were calculated from the corresponding covariance estimates and standard errors. 28 Finally, the mortality experience of the study cohort was compared with the general population using standardized mortality ratios (SMRs), defined as the ratio of observed deaths to the expected number of deaths. Age, sex, and race-adjusted overall and causespecific death rates for the US population for 2000 (the midpoint of our study period) were used to compute the expected number of deaths. 29 Cause-specific SMRs were calculated for unintentional injuries (ICD-10: V01-X59, Y85-Y86), diseases of the heart (ICD-10: I00-I09, I11, I13, I20-I51), malignant neoplasms (ICD-10: C00-C97), cerebrovascular diseases (ICD-10: I61-I64, I67), and all other diseases or injuries according to the National Center for Health Statistics (NCHS) categories. 30 For the SMRs, 95% CIs were calculated by assuming that the observed number of deaths followed a standard Poisson distribution, with the mean and variance being equal to the expected number of deaths estimated according to the reference population.
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RESULTS
Of the 3679 eligible patients selected for participation, 3371 were alive (91.6%) and 308 (8.4%) were deceased within 15 months of hospital discharge. Of the 308 deaths, 23% were injury-related, either TBI-related (17%) or other injury-related (6%). The median number of days from hospital discharge until death was 93 (range, 1-453 days). Of the TBIrelated deaths, 63% occurred within the first 3 months of discharge compared with 47% of noninjury-related deaths. Estimated survival curves of the study cohort varied significantly depending on the severity of the TBI (log-rank test, P < .0001) (Fig 2) .
Significant differences in the study population by survival status were observed within 15 months postdischarge (Table 1) . Decedents were more likely to be older, female, insured by Medicare, have more comorbidities, and have sustained a severe TBI than were survivors (P < .001). In contrast, patients who were alive at the end of the follow-up period were more likely to be white, from a rural area, to have associated injuries, and to have been treated at a Level 1 trauma center (P < .05).
The Cox proportional hazards regression model was used to determine variables associated with death (Table 2) . Age was the most significant predictor of death; the older the injured patient, the higher the likelihood of early mortality. Furthermore, a significant (Table 2) . Among patients aged 35 to 54 years, females were more likely to die from noninjury-related conditions (68%) compared to males (36%), whereas for all other age groups, the proportion of deaths caused by noninjury-related conditions was approximately the same for both sexes. The presence of comorbid conditions significantly influenced the likelihood of death. Patients with 3 or more comorbidities were 4.0 times (95% CI, 2.7-5.9) more likely to die within the first year after injury compared with patients with no comorbidities. Of those who died within 15 months of hospital discharge, 48% had a cardiac-related comorbidity (eg, cardiac arrhythmia and congestive heart 43.5 7.1 6.3-7.9 * Rates are adjusted for race and sex. † Confidence intervals (CIs) that do not include "1" are statistically significant. ‡ The category of "All causes" includes 20 deaths where information on causes was not available. failure); 29% had hypertension; 21% had a fluid and electrolyte imbalance; 13% had cancer; 11% had anemia, diabetes, or chronic obstructive pulmonary disease; and 8% had a psychiatric condition.
The severity of the TBI, type of insurance, and level of trauma center within the hospital that provided the acute medical care were also significant determinants of death within 15 months of hospital discharge. Patients who sustained severe TBI were 1.8 times (95% CI, 1.3-2.4) more likely to die postdischarge compared with those experiencing mild TBI. Those insured by Medicare were 1.6 times (95% CI, 1.1-2.5) more likely to die than patients covered by commercial insurance. Being treated at a higher level trauma center had a protective effect on mortality. For example, patients who were treated at trauma centers that provide the most comprehensive trauma care (ie, Level 1 centers) were 44% (95% CI, 0.4-0.8) less likely to die during the follow-up period than those treated at hospitals that do not have a trauma center. Persons 75 years of age or older had the highest mortality and were less likely to be treated at a trauma center than younger patients, regardless of the severity of the TBI.
The SMRs of the study sample were determined for selected causes of death (Table 3) . Compared with the general US population, the study cohort experienced a 7-fold excess risk of death overall (SMR = 7.1; 95% CI, 6.3-7.9) within 15 months of hospital discharge. Unintentional injury deaths were the most frequent cause of death and were associated with a 36-fold excess risk of early death (SMR = 36.3; 95% CI, 27.8-46.0). The excess mortality risk for unintentional injury deaths was significant for all age groups, although it was highest for persons aged 35 to 54 years. In 67% of these unintentional injury deaths, the cause of death listed in the death certificate was the same as the cause of injury noted during the initial hospitalization. Of the 61 persons who died from unintentional injury, 49 (80%) had TBI listed on their death certificates as a contributing cause of death. An additional 6 decedents died from intentional injuries-3 from suicide and 3 from assault. The study cohort also experienced excess mortality risks from cerebrovascular diseases, heart diseases, and cancer, but these excess risks were small and were not significant across all age groups.
DISCUSSION
This large, population-based cohort of persons in South Carolina hospitalized with a TBI experienced considerable excess mortality compared with the US population within 15 months of hospital discharge. To our knowledge, this is the first comprehensive mortality study of a statewide representative sample of US civilians who sustained a TBI. Results from this study indicate that several factors were associated with death within 15 months of hospital discharge, including age, sex, the presence of comorbidities, TBI severity, type of insurance, and the type of hospital that provided acute medical treatment. The leading cause of death in the study cohort was unintentional injuries; TBI was listed as a contributing cause in 80% of the unintentional injury deaths. In summary, TBI negatively impacted the survival of a significant proportion of the study sample during the 15 months following hospital discharge.
Our results suggest that the causes for the excess mortality experienced by the cohort are multifactorial. Older age was strongly associated with death following hospital discharge. This finding is consistent with another follow-up study of general trauma patients and with numerous in-hospital trauma mortality studies. [32] [33] [34] [35] [36] [37] Elderly patients who are injured may have a harder time regaining their preinjury level of health and avoiding complications compared to younger patients. [38] [39] [40] This finding suggests that more resources should be devoted to developing and implementing acute and postacute care interventions that restore preinjury function to patients with TBI as soon after injury as possible. In addition, clinicians should monitor elderly patients more closely during the postacute period since they are at increased risk of death following a TBI.
With the exception of persons 35 to 54 years of age, males in the study cohort were more likely to die after TBI hospitalization than were females; the overall higher death rate for males with TBI is consistent with the mortality patterns of the general US population. 41 However, among persons aged 35 to 54 years, the death rate was highest among females. The only difference between this age group and the others was the cause of death. Specifically, females aged 35 to 54 years were more likely to die from a noninjury-related condition compared with males, but no specific noninjury-related condition was associated with most deaths among females in this age group. This effect measure modification between age and sex on death following hospital discharge warrants further investigation.
Underlying disease also contributed to the excess mortality in our study cohort. The more comorbidities documented during the index hospitalization, the greater the likelihood of death following discharge. Other studies also have noted a significant association between the presence of comorbidities and mortality during hospitalization 34, 39, 42, 43 and after hospital discharge. 32, 40 This finding emphasizes the importance of adopting processes of care that optimize concurrent treatment of injuries and associated medical problems during both the acute and rehabilitative stages. 32, 44 In our study, the severity of the TBI also influenced the likelihood of death following hospital discharge. Although other studies have noted an association between inhospital mortality and the severity of the TBI, 33, [35] [36] [37] [45] [46] [47] [48] this study extends this finding to the early, postacute care phase. TBI sequelae, such as decreased mobility and impaired cognitive function, contribute to decreased survival following hospital discharge and are more likely to occur among the more severely injured. 15 Patients covered by Medicare or other government insurance were more likely to die within 15 months of hospital discharge compared with those covered by commercial insurance. Of the patients categorized as having governmental insurance, 97% were covered by Medicare; 16% of Medicare patients were under 60 years of age and thus were likely insured by Medicare because of disability rather than age. Medicare insurance could either represent a surrogate measure of disability or additional comorbidity that was underreported in the hospital discharge data. In either case, this finding supports the conclusion that underlying disease has a negative impact on survival following a TBI.
Finally, patients who were treated at hospitals with trauma centers were significantly less likely to die within 15 months of hospital discharge compared with patients treated at hospitals without trauma centers. Although several studies have documented the beneficial effects of trauma centers on in-hospital mortality, [49] [50] [51] our results are the first to suggest that patients treated in hospitals with trauma centers may also have better postdischarge survival outcomes compared with those receiving care at hospitals without trauma centers. These results should be interpreted with caution, however, because referral patterns varied between the different types of hospitals. For example, elderly patients were significantly less likely to be treated at a designated trauma center compared to younger patients, regardless of TBI severity.
The TBI cohort experienced not only excess mortality caused by injury, but increased risk for death from cerebrovascular diseases (SMR = 11.7). However, most deaths attributed to a nontraumatic hemorrhage may have actually resulted from traumatic hemorrhage (ie, the index TBI). Of the 36 cerebrovascular deaths, 12 were caused by nontraumatic subdural, intracerebral, or intracranial hemorrhage, and all but 1 deceased patient had a traumatic hemorrhage documented in the hospital discharge file. Most likely, these deaths were inaccurately coded on the death certificate, which implies that an even greater proportion of the deaths might have been caused by the index TBI. Unlike other studies, we did not find excess mortality risks associated with seizures, respiratory infections, choking and suffocation, or suicide. 7, 52 The length of follow-up and the differences in study populations may account for variation in the causes of excess mortality between our cohort and others.
Limitations
The results of this study must be considered in the context of the following limitations. First, we were unable to obtain multiple cause-of-death information on 6% of the decedents. This potential bias should be minimal, however, because of the small number of unlinked deaths; in addition, a comparison of the characteristics of the linked and unlinked deaths revealed no significant differences between the 2 groups. Second, our mortality rate of 8.4% may be conservative given that 22% of the study sample could not be located within 15 months of hospital discharge. However, because only 5 additional deaths were discovered when the list of patients who were not located was merged with the MCDD database and because the characteristics of those not located were similar to those located alive, most of the patients who were not located likely were alive at the end of the follow-up period. Third, the mortality information gathered for our study was based on data recorded on the death certificate, a source that could have yielded inaccurate data. However, because mortality information was collected using death certificates for both the study cohort and the general population, this data source likely had a minimal effect on results. Fourth, we were unable to control for the effect of lifestyle or behavioral characteristics (eg, smoking status and alcohol use) on death after hospital discharge. If persons who sustain a TBI practice more unhealthy behaviors (either before or after the injury) than the general population, some of the excess mortality we found could result from factors not measured. Finally, because our study results are limited to patients hospitalized with TBI, they cannot be generalized to those treated on an outpatient basis or to those untreated. Likewise, whether the findings can be generalized to other states is unknown, because the study involved data from the residents of only one state.
CONCLUSIONS
This study provides valuable information about the risk of death within 15 months of hospital discharge for a large, representative sample of patients discharged following TBI. After hospital discharge, most patients are expected to convalesce and recover from their injuries. However, this study found that the TBI continues to be life-threatening, especially to those who are already more vulnerable (ie, the elderly, those with a severe TBI, or those with associated medical conditions). Given the high death rate within 15 months of hospital discharge, healthcare providers should carefully monitor the health and well-being of these patients during the postacute care period. Improved methods of care must be developed and implemented to minimize the late effects of TBI and to maximize the opportunity for full recovery among all patients with TBI.
